Use of local electrostatic environments of cysteines to enhance formation of a desired species in a reversible disulfide exchange reaction.
The role of electrostatic factors has been evaluated for the reversible disulfide exchange reaction between N-acetylcysteine (A) and a peptide fragment (B) comprising residues 85-114 of Kunitz soybean trypsin inhibitor. In A, the sulfhydryl group has a negative carboxyl neighbor on the cysteine itself. In B, the only charged group within five residues of the single cysteine at position 86 is the positive N-terminal amino group on residue 85. The concentrations of the monomers A and B and of the disulfides AA, AB and BB have been determined as a function of time in kinetic experiments at pH 7, 23 degrees C and ionic strengths of 20 mM and 1 M. At both ionic strengths the sulfhydryl acid dissociation constants Ka have been determined for A and B, as well as the four rate constants for the disulfide exchange reaction. The electrostatic effects are small in magnitude but occur in expected directions. Local cysteine environments enhance formation of the mixed disulfide (AB), having a favorable configuration of adjacent unlike charges and generate decreases in the AA and BB disulfides joining regions of identical charge. These experiments represent an initial step towards use of intrinsic protein functional groups to direct formation of specific disulfides in a synthetic protein.